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Abstract

BACKGROUND—Perineal trauma after vaginal delivery can have significant long-term

consequences. It is unknown if a larger infant head circumference (HC) or smaller maternal

perineal anatomy are risk factors for perineal trauma after vaginal delivery.

METHODS—We conducted a prospective cohort study of low-risk nulliparous women. Data

collected included maternal characteristics, antepartum POP-Q measurements of the perineal body

and genital hiatus, labor characteristics, perineal trauma, and infant head circumference. Perineal

trauma was defined as trauma that extended into the muscles of the perineum (second degree or

deeper). Univariate and multivariate logistic models were created to calculate odd ratios (OR) and

95% confidence intervals (CI).

RESULTS—We observed 448 vaginal births. Multivariate analysis demonstrated a significant

association between infant head circumference at birth and perineal trauma, OR 1.22 for each

increase of 1cm in HC (95% CI 1.05-1.43). There was no association between perineal body or

genital hiatus length and perineal trauma.

CONCLUSIONS—In nulliparous low-risk women a larger infant head circumference at birth

increases the likelihood of perineal trauma, although the effect is modest. Antenatal perineal body

and genital hiatus measurements do not predict perineal trauma. These results do not support

alteration in mode of delivery or other obstetric practices.
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Introduction

Perineal trauma following vaginal birth affects up to 85% (1) of women and is associated

with increased postpartum pain (2), anal incontinence (3) and sexual dysfunction (4, 5).
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Previously identified risk factors for perineal trauma include race (6), parity, operative

vaginal delivery (forceps greater than vacuum), episiotomy, and infant weight (7, 8).

Occiput posterior position of the infant head at birth has also been identified as a risk factor

for third and fourth-degree perineal trauma in nulliparous women and in women undergoing

operative delivery (8, 9), findings that may be influenced by the larger presenting diameter

of the fetal skull. Infant head circumference is often assumed by providers and patients to be

a causal factor in perineal trauma, however, supportive data are limited, and the dynamics of

the birth process, including infant head molding and intrinsic tissue properties, are complex

(10,11). The Childbirth and Pelvic Symptoms Study (CAPS) found that larger infant head

circumference was associated with severe perineal trauma, although this was not a primary

outcome of interest in the study and was not further investigated in the final multivariate

analysis (12). A large infant HC was associated with increased risk of levator muscle injury

among women who underwent postpartum ultrasound (US) and this risk was increased

further when combined with a prolonged second stage (13). However this finding was not

reproduced in a second prospective study of endoanal US performed on postpartum day one,

which had a high episiotomy rate (14). Additional research has linked a large infant HC to a

longer second stage (15, 16).

While the association between fetal head circumference and perineal trauma has been

explored, little is known about the association between maternal perineal anatomy

measurements and lacerations following vaginal birth. A short perineal body (PB) has been

suggested to lead to a greater risk of severe third and fourth-degree perineal trauma, but past

studies were confounded by high episiotomy rates (17, 18).

The primary aim of our study was to determine if a larger infant head circumference as

measured shortly after birth increased the degree of perineal trauma in low-risk nulliparous

women. The secondary aim was to determine if a shorter pre-partum maternal perineal body

or genital hiatus increased the risk of perineal trauma.

Methods

We conducted a secondary analysis of a prospective cohort of nulliparous women recruited

in pregnancy and followed through the second postpartum year designed to describe

postpartum pelvic floor changes among primiparous women. The recruitment period was

from 2006-2011 with a set target recruitment number of 630 women. The sample size was

established based on power calculations for the primary analysis, focusing on longer-term

postpartum pelvic floor changes. The University Research Review Committee approved the

study, and all women gave written informed consent. Participating women had prenatal care

provided by the nurse midwifery service, were low-risk, and recruited antenatal. Eligibility

criteria were age ≥ 18 years of age, ability to read either English or Spanish, singleton

gestation, absence of serious medical problems, gestational age of >/= 36 weeks at delivery,

and no late second trimester pregnancy losses. Midwifery patients who transferred to the

Obstetrics and Gynecology service intrapartum were included in this analysis, as the

OBGYN service performed all operative vaginal and cesarean deliveries. Women who

delivered prior to 35 weeks estimated gestational age or who were no longer eligible for
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nurse midwifery care prior to admission to labor and delivery were excluded from these

analyses.

On enrollment midwives collected antepartum, demographic data (age, education, body

mass index, and race), and completed the validated Pelvic Organ Prolapse Quantification

(POPQ) exam (19), which includes perineal body (PB) and genital hiatus (GH)

measurements. Midwives were formally trained in the performance of POPQ examinations

on live models at the start of the study; a subset of women underwent POPQ exam with a

second observer to evaluate inter rater reliability between midwives. Intrapartum labor and

delivery characteristics were recorded, as well as the maternal weight gain and tobacco use

during pregnancy. Oxytocin administration included women undergoing labor augmentation

and labor induction. The active portion of the second stage of labor was defined as the actual

time spent pushing after reaching complete cervical dilation. The customary method of

delivery in this population is hands on for perineal protection, but this was not standardized

or recorded as a variable in this study. Infant head circumference at birth was recorded by

measurement to the nearest 0.5cm in the newborn nursery shortly after birth by nursery

personnel (registered nurses or health technicians) who were not aware of the type or degree

of maternal trauma.

The attendant midwife recorded all genital tract trauma immediately following the birth on

standardized forms. Genital tract trauma was described according to location of lacerations

and tissue layers involved. Severity of trauma was categorized for perineal lacerations into

first, second, third and fourth-degree lacerations, depending on tissue layers involved. First-

degree lacerations involved only the vaginal mucosa or perineal skin. Second-degree

lacerations involved the muscles of the perineal body without involvement of the anal

sphincter complex. Third-degree lacerations included any laceration of the external anal

sphincter, and fourth-degree lacerations included laceration of the rectal mucosa. Women

without any trauma were described as intact. Trauma was dichotomized into perineal

trauma: the presence of perineal trauma disrupting the muscles of the perineum (second,

third or fourth-degree lacerations) compared to intact/minor trauma: women who were intact

or had only first-degree perineal or non-perineal trauma. For most lacerations greater than or

equal to second-degree laceration, a second observer assessed the perineum to assess inter

rater reliability of trauma. Our midwifery group has previously reported a high inter-rater

reliability in the determination of the degree of trauma (20).

Statistical analysis was carried out with SAS. Univariate associations with perineal trauma

were assessed using Fisher’s exact test for categorical variables and the non-parametric

Wilcoxon test for continuous variables. Multivariate logistic regression analysis was used to

estimate adjusted odds ratios (OR) with perineal trauma and 95% confidence intervals (CI).

Spearman correlation analysis was used to aid in determining collinearity between potential

effects in the logistic models. Backward elimination was used to build a multivariate model

to evaluate associations with perineal trauma, including variables that were individually

associated with perineal trauma. A 5% threshold for statistical significance was used. The

same model was obtained using stepwise selection with the same threshold. The c-statistic

for assessing prediction adequacy of the logistic regression was c=0.71(21).
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Results

Of 627 women recruited, 541 were eligible for inclusion as the remaining women left

midwifery care secondary to early pregnancy loss, relocation, insurance changes or medical

complications of pregnancy. Ninety-three women delivered by cesarean section, and the

remaining 448 women who delivered vaginally were analyzed in this study (See Figure 1).

Few women underwent operative vaginal delivery (25 vacuum deliveries and 1 forceps

delivery) representing a combined 5.8% of deliveries. Only 8 (2%) women received

episiotomies. One episiotomy was with an operative delivery, and the remaining seven were

with spontaneous vaginal deliveries. There were 429 deliveries with the fetus in occiput

anterior position and 19 deliveries with non- occiput anterior position (either occiput

posterior or occiput transverse). There were 151 women with perineal trauma (129 second-

degree perineal lacerations, 19 third-degree lacerations, and 3 fourth-degree lacerations) and

297 women who were intact or with minor trauma (210 and 87 women respectively, see

Table 1). Of the women who sustained second- degree lacerations or greater (77/129), 60%

had a second observer, all but one of whom agreed with the second-degree diagnosis.

During the antepartum measurement of the perineal body and genital hiatus, 17 women

underwent repeat exams for inter-rater reliability testing of the POPQ exam; agreement

between examiners was high (82% complete agreement) for prolapse stage, and all POPQ

points were within 1 cm of agreement for 82% of measures and perineal body measurements

were within 0.5 cm for 82% of measures.

Women who sustained perineal trauma were slightly older, more educated and more likely

to be non-Hispanic white (see Table 2). In univariate analyses (see Table 3) perineal trauma

was associated with a larger infant HC, infant length, and infant weight (all p<0.05).

Perineal trauma was also associated in univariate analyses with total length of the second

stage of labor, time of active second stage of labor, delivery of the head with contraction,

compound presentation, occiput posterior or occiput transverse position, and operative

vaginal delivery (all p< 0.05; see Table 3). The maternal characteristics of PB length and

GH length were not significantly associated with perineal trauma (see Table 2). Additional

grouping compared women within the lower quartile of PB length and the upper quartile of

infant HC to women within the upper quartile of PB length and the lower quartile of infant

HC; again no association was identified with perineal trauma (p=0.48). As this was a

secondary analysis a power calculation was not done for the perineal measurements,

however a future study with the same sample size and a probability of perineal trauma as

estimated in this study would have 80% power to detect an odds ratio between perineal

trauma and PB length of 1.55 for each increase of 1cm in PB length, using a two-sided test

in a logistic regression model.

Spearman correlation analysis showed that total second stage length and length of active

second stage were strongly positively correlated (0.87, p <0.001), as was maternal age and

education level (0.74, p <0.001). Education and total second stage length were not

considered in multivariate risk models given their strong correlations with age and length of

active second stage, respectively. Statistically significant positive correlation was also found

between infant HC and newborn weight (0.57, p < 0.001).
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Backward elimination was used to build a multivariate model to predict perineal trauma.

The initial model included the variables measured at time of delivery or at baseline that were

individually associated with perineal trauma, excluding the total time of the second stage of

labor and education (see Tables 2 and 3). The final model included age, HC, compound

presentation and time in active second stage as risk factors (see Table 4). Based on the

selected model, the odds of perineal trauma increases by 1.22 (95% CI 1.05-1.43) for each

increase of 1cm in HC and by 1.38 (95% CI 1.08-1.72) for each 1 hour increase in time of

active second stage. Similarly, having a compound presentation increases the odds of

perineal trauma by 2.40 (95% CI 1.14-4.66) whereas the odds increases by 1.10 (95% CI

1.05-1.16) for each 1 year increase in mother’s age.

A final univariate analysis was performed with trauma dichotomized into third or fourth-

degree lacerations compared to intact or first/second degree trauma. Neither infant HC nor

maternal perineal measurements were significantly associated (p-value >0.05) with third or

fourth degree lacerations, but the study did not have adequate power to address this question

given the low number of third and fourth-degree lacerations.

Discussion

Affirming the belief of many women, physicians and midwives, our study demonstrated that

the larger an infant’s head circumference at birth, the greater the likelihood of perineal

trauma at vaginal delivery in nulliparous women, although the effect is modest. In

contradiction to other studies, we found that antenatal perineal measurements did not predict

presence of trauma. Our data do not support an association between small maternal perineal

body nor small genital hiatus length and increased rates of perineal trauma. Even when

comparing dyad subsets with large infant head circumference and short perineal body to

those with a small infant head circumference and large perineal body, we could not

demonstrate an ability to predict perineal trauma. Others have suggested that a short perineal

body length and small genital hiatus were associated with increased rates of perineal trauma;

however, in these prior studies, 65-76% of women underwent episiotomy (17, 18).

In this study, age and race remain significant predictors of major perineal trauma suggesting

that intrinsic tissue properties or intrapartum variables rather than maternal size may explain

the occurrence of perineal trauma. Our study population represents a diverse low risk group

of women with a low episiotomy rate, but it does not address what the ideal episiotomy rate

would be. Although both non-occiput anterior position and operative delivery were

significant in the univariate analysis, neither met the threshold for significance in the

multivariate model. This may be in part to the low numbers in both of these categories and

to the fact that the operative deliveries were mostly vacuum deliveries (with the exception of

a single forceps delivery).

Strengths of our study include prospective data collection, a large sample size, and low

episiotomy and operative delivery rates. In addition, we included only low risk healthy

women, who are representative of the majority of women who give birth in the US. One

limitation is that postpartum infant head size is influenced in part by the bony maternal

pelvis and clinical or radiologic maternal pelvimetry was not performed. As these maternal
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measures are unlikely to be widely adopted, we feel that clinical measurements are more

representative of what clinicians can do in practice. Induction of labor has been identified

both as a risk factor and a protective factor for perineal trauma (22, 23), and although we do

not distinguish between labor augmentation and labor induction, we do include oxytocin

administration in our analysis. While representative of low risk obstetric practice, the low

numbers of third and fourth degree lacerations limit the power to detect whether a

significant association exists between third and fourth degree lacerations and infant HC or

maternal perineal measurements.

Although we have demonstrated a significant association between infant head circumference

and perineal trauma, the effect is modest. Our study does not support increased concern for

perineal trauma or alteration in mode of delivery or other obstetric practices due to a short

perineal body, genital hiatus length or increased infant head circumference.
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Figure 1.
Study Participants

This figure depicts a flow diagram of the number of study participants over the course of the

study.
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Table 1

Perineal Trauma

Total N=448 n (%)

Intact or other trauma 297 (66.3)

 Intact 210 (46.88)

 First-degree laceration or
 Non-perineal laceration

87 (19.42)

Perineal trauma 151 (33.7)

 Second-degree laceration 129 (28.79)

 Third-degree laceration 19 (4.24)

 Fourth-degree laceration 3 (0.67)
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Table 2

Comparison of Maternal Demographic Information Based on Degree of Trauma

Total N=448 Intact/Minor Trauma,
n= 297

Perineal Trauma,
n=151 p-value

Age (years), n=448 23.0 (±4.4)* 25.7 (±5.3) <0.001

Years of education, n=436 13.3 (±2.4) 14.9 (±2.7) <0.001

BMI, n=445 24.6 (±5.6) 24.8 (±4.8) 0.35

Weight gain (lbs.), n=447 35.5 (±13.1) 35.5 (±14.8) 0.84

Race, n=448 0.001

 Non-Hispanic White 112 (37.71) 81 (53.64)

 Hispanic 150 (50.51) 51 (33.77)

 Asian 4 (1.35) 6 (3.97)

 Black 15 (5.05) 3 (1.99)

 Native American 16 (5.39)  10 (6.62)

Tobacco use (%), n=448 19 (6.4) 11 (7.3) 0.74

BMI: body mass index.

*
Data are mean (± standard deviation) or n (%)
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Table 3

Univariate Analysis for Risk of Perineal Trauma

Total N=448 Intact/Minor
Trauma, n= 297

Perineal
Trauma, n=151 p-value

Maternal/Infant Measurements

Infant HC (cm), n=429 33.8 (±1.5) * 34.3 (±1.4) <0.001

Infant length (cm), n=428 50.0 (±3.13) 50.8 (±3.3) <0.001

Infant weight (gm), n=448 3171.1 (±437.7) 3304.1 (±384.6) <0.01

PB length (cm), n=445 3.6 (±0.8) 3.7 (±0.8) 0.35

GH length (cm), n=445 2.7 (±0.8) 2.6 (±0.8) 0.31

Labor and Delivery Variables

Oxytocin augmentation, n=443 133 (45.2) 79 (53.0) 0.12

Epidural use, n=447 181 (60.9) 88 (58.7) 0.64

Total time 2 nd stage (mins), n= 429 82.2 (±79.9) 115.5 (±101.9) <0.001

Time active 2 nd stage (mins), n=433 60.6 (±48.8) 94.8 (±81.4) <0.001

Delivery with push, n= 389 104 (40.3) 66 (49.6) 0.08

Delivery with contraction, n=403 168 (63.2) 102 (74.5) 0.02

Fetal bradycardia at delivery, n=442 34 (11.6) 14 (9.4) 0.6

Compound presentation, n=439 23 (7.9) 24 (16.2) 0.01

OP or OT position, n=448 5 (1.7) 14 (9.3) 0.02

Operative vaginal delivery, n=447 12 (4) 14 (9.3) 0.03

n: number with data present for that particular variable; HC: head circumference; AC: abdominal circumference; PB: perineal body; GH: genital
hiatus; OP: occiput posterior; OT: occiput transverse

*
Data are mean (± standard deviation) or n (%)
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Table 4

Multivariate Analysis with Perineal Trauma versus Intact/other Trauma as the Outcome*

Exposure Adjusted OR 95% CI p-value

Age (years) 1.10 1.05-1.16 <0.001

Infant HC (cm) 1.22 1.05-1.43 0.01

Compound Presentation 2.40 1.14-4.66 0.02

Time of Active Second Stage (Hours) 1.38 1.08-1.72 0.01

OR: odds ratio; CI: confidence interval; HC: head circumference

*
Factors entered into the regression model: age, race, infant HC, infant length, infant weight, compound presentation, total length of the second

stage of labor, delivery of the head with contraction, occiput posterior or occiput transverse position, and operative vaginal delivery.
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